Introduction
In his Presidential Address to the Section of Otology twenty-five years ago, Air Vice-Marshal Dickson spoke on the effects of intense sound on the ear (Dickson 1953) . That was virtually a generation ago. I hope to convey the measure of progress made since then and aim to discuss the present status of hearing conservation in the Royal Air Force. This would seem timely in view of the prominence given to occupational deafness in recent years and, particularly, the recognition that in some instances an award of financial compensation should be made for this type of hearing loss.
I would like to consider the basis on which noise as a hazard to the hearing is assessed; to examine attitudes to noise and noise-induced hearing loss outside the Service; to look at the state of the law; and finally, to describe what the RAF has done in this field, and is continuing to do.
The role of the Royal Air Force is to provide defence through air power for this country and its people; and the function of its Medical Branch is to maintain the health of the air and ground staff to make this possible. Air power is the phenomenon of this century. In World War I, the size of the Royal Flying Corps, later the RAF, grew with astonishing speed, so that at the end of hostilities the RAF possessed 28 000 front-line aircraft. The otological problems related to flying were beginning to emerge, though the function of the labyrinth was the major interest. There was little interest in barotrauma, and none in noise.
The contraction of armament in the early 1920s and 1930s necessitated expansion on a vast scale in World War II, which gave Dickson and his colleagues (1939) the opportunity to widen their investigations in auditory fatigue and hearing in aircrew, and saw the further development of the flying helmet. Audiometry was developing and, from its inception, had been used within the RAF, always with proper emphasis on the calibration of the equipment, the control of ambient noise and the training of the operator.
The modern era has brought the development of aircraft of great sophistication, many with high power and noise and often high ambient cabin noise. With the years of peace there has been an inevitable reduction in the size of the RAF and in the number of aircraft, andthis underlines the need to do everything possible to maintain efficiency and effectiveness.
Noise-induced hearing loss For centuries it has been known that noise,·both industrial and military, will cause permanent damage to the hearing. The earliest account of noise-induced hearing loss (NIHL) that I have been able to find is in Ecclesiasticus 30:8, 'So is the smith sitting by the anvil and considering the wrought iron; in the heat of the furnace will he wrestle with his work, the noise of the hammer will be ever in his ear'. What a good way of describing the tinnitus which so frequently can accompany noise-induced deafness! It may appear obvious that good hearing, both in the air and on the ground, is an indispensable condition for members of aircrew. This is because instructions must be heard correctly during trainingand in briefing, while accurate reception of telephony signals in the air is of paramount necessity. This last function often operates under poor listening conditions, while the high ambient noise level in the 'cockpits of some aircraft may interfere with the reception of speech and other signals by direct masking. With auditory fatigue the capacity to hear may be further impaired. For ground support personnel the need to hear accurately is equally important, both for the proper performance of their job and for their own safety.
As far as aviators are concerned, one of the earliest investigations carried out on hearing loss was undertaken by Dickson et al. (1939) , and while there have been many studies since, this has remained a model of this type of work. This early research utilized the then new technique of audiometry and showed that permanent hearing loss appeared after exposure to the noise of piston-engined propeller-driven aircraft, although the extent varied between individuals and the risk was diminished by protecting the ears. In effect, this study demonstrated both temporary and permanent threshold shift, although this terminology was not to be employed until some years later.
Temporary threshold shift (TTS) is generally a short-term effect following exposure to noise and, as the name implies, the hearing loss is recoverable. The extent of the TTS, and the consequent degree of recovery, will depend on a variety of factors: (1) The individual susceptibility of the subject. (2) The nature and intensity of the noise. (3) The duration and character of exposure, e.g. intermittency. (4) Previous damage to the cochlea. An understanding of these factors is important in determining the fitness of men to start or continue to work in noise. Ultimately, there is a failure of the TTS to return to the original threshold, and this disparity between the original and the new level is called the permanent threshold shift. With the hearing loss now established it is referred to as NIHL. It is the aim of hearing conservation to prevent the development of such hearing loss or, if such a loss has occurred, to prevent it from worsening.
Principles of hearing conservation
The requirements of a hearing conservation programme are: (1) knowledge of the quantitative relations between noise exposure and its potential effect on hearing; (2) the measurement of the noise exposure in order to assess its possible harmful effect; (3) assessment of the potential hazard of the noise exposure; (4) control of the exposure if necessary, either at source or at the ear; (5) measurement of hearing to monitor these precautions. It is the implementation of these -by the coordination and cooperation of medical personnel, engineers, scientists and administrators, as well as the air and ground crews -which will determine whether or not such a programme is successful. Without a proper understanding of the aims and methods of such a programme, success is unlikely.
Regulation of such an undertaking is also required, and this may be easier to enforce in some organizations than in others. Even so, the active cooperation of the employees to whom it is directed will also be needed. This will require leadership from those responsible for their welfare, and this can be backed up by propaganda methods such as posters, lectures, demonstrations and films.
In 'the past it was difficult to capture the interest of men working in noise and to convince them of the need to wear ear protection. The presence of some degree of hearing loss was regarded by many as inevitable and part of the job, and by some as a mark of experience gained! Fortunately, with greater public interest in noise and with changes in legislation, there is now a greater awareness of the hazard of noise, and in many situations protective devices will be requested if they have not been provided.
Opinions vary over what constitutes a hazardous noise and at what levels hearing conservation should be instituted, though all opinions on this are related to the concept of exposure for eight hours a day, five days a week, over a working lifetime. For example, the American Academy of Ophthalmology and Otolaryngology (1957) advised the introduction of hearing conservation if 85 dB sound pressure level (SPL) was obtained in either of the octaves, 300-600 Hz and 800-1200 Hz, of eight hours daily duration. Littler (1958) considered a lower value to be safer in order to protect the greatest number of those at risk, and this was restated by Burns (1965) .
Of more recent interest is the 'Code of Practice for Reducing the Exposure of Employed Persons to Noise' (Department of Employment 1972) . In this document the specified limit of noise exposure is defined thus: '... if the exposure is continued for 8 hours in anyone day, and it is to a reasonably steady sound, the sound level should not exceed 90 dBA'. The code also specifies limits of exposure for periods longer than eight hours, if the sound level is fluctuating, or if the sound is intermittent or impulsive in nature, and all these are based on the equal energy concept (Burns & Robinson 1970) . Within the RAF, protection for the hearing and hearing conservation are required at levels in excess of 85 dB(A).
Noise measurement and estimation of hazard The first step in determining whether a given noise or working site is hazardous is to make a quantitative estimate of the noise exposure. If the sound is continuous and the level varies minimally over an 8-hour daily period, a straightforward reading on a portable sound-level meter set to read in dB(A) would provide a good indication. These meters are useful in giving a preliminary idea as to whether further analysis is required. Measurements so made need to be considered in the light of the duration of exposure and the frequency of such exposures during the working day, and a reading of or over 85 dB(A) in any circumstances would indicate the need for further examination.
Within the RAF, measurements of this sort are made by the hygienists based at each of the command headquarters. With the finding of a potentially hazardous working site, the task of carrying out full noise measurement and analysis is passed to the Noise Measurement Cell of the Institute of Community Medicine at Halton. Noise measurements in a flight situation are carried out by the Institute of Aviation Medicine or the Royal Aircraft Establishment.
The method generally employed is to record the noise levels in situ at head level, using a calibrated omnidirectional microphone. The output from the microphone is fed to an attenuator and amplifier, and thence to a tape recorder. Calibration tones of known frequency and level are also recorded. The resulting tapes are analysed later in the laboratory, using a Bruel and Kjaer third octave band analyser and high speed level recorder. A set of figures is obtained, corrected for the response of the microphone, and plotted graphically. The frequency range normally examined is 40 Hz to 10 kHz. Variations in the noise pattern of fluctuation with time are also noted, plus the total daily exposure of the individualts) at risk. In some situations, the use of a dosemeter may be indicated, and this will record the total time a worker is exposed to noise at or above a selected level. Work using this instrument for aircrew is described later.
With a knowledge of the SPL of the noise under consideration, the frequency distribution and the duration of exposure, one is in a position to assess the noise as a risk to hearing. This is done by comparing the spectral analysis of the noise against a chosen damage risk criterion, of which there are several. A damage risk criterion (0 RC), as defined by Harris (1957) , is a curve of maximum permissible SPL in defined band widths, as a function of frequency. In the past, there has been no general agreement as to what this level should be, since in practice the aim is to protect the majority, and whilst most ORCs are related to broad band noise and its effects over a working lifetime, they are not necessarily applicable to impulse noise or bursts of short duration high intensity noise. The RAF originally used the ORC of Rosenblith & Stevens (1953) , but this was superseded first by the more conservative criterion of Burns & Littler (1960) and later by that proposed by Burns (1968) (see Table I ).
A comparison of the spectral analysis of the noise and the chosen ORC will determine if the noise levels are in excess of the safety limit. In making the comparison one must assume that the Sound pressure level (dB) noise measured is reasonably constant in character and without impulsive time characteristics. If on direct comparison of the noise spectrum and the DRC, the-former at any frequency attains or exceeds the latter, the noise (on an 8-hour daily basis) is deemed to be a hazard to the hearing. Such a criterion .can be limiting and should not be used when noise is repetitive in character, e.g. riveting or hammering, nor where there is exposure to weapon noise. For steady-state noise, 'protected' criteria may also be employed by adding the attenuation value of hearing protection to the sound pressure level of the basic D RC, when the spectral analysis of the noise and the augmented criterion will determine, on comparison, whether a hazard exists to the protected ear. Table I . Sound pressurelevelsin specificfrequency bands which indicate a hazard to hearingat a durationofapproximately 8 hoursper day (Burns 1968) Octave band specified as centre frequency (Hz) The methods mentioned above hold good for steady-state noise of known intensity over an 8-hour day, and give an indication of the hazard in which a person is working. However, it is not so straightforward to give advice when the noise is intermittent, of varying intensity, or of durations longer than the 8-hour day. To this end the 'equal energy principle' correlates noise exposure to hearing loss. Although hypothetical at the time, this was employed as far back as 1956 by the United States Air Force, when it started hearing conservation. Much work has been done by a variety of workers (Martin 1970 , Ward 1970 , Walker 1970 , but a large scale industrial survey by Burns & Robinson (1970) enabled them to show that for steady-state noise a relationship exists between A-weighted sound energy and permanent hearing loss. This is called the 'equal energy principle', which assumes that equal amounts of A-weighted sound energy cause equal amounts of hearing loss. Atherley & Martin (1971) have extended the principle to include industrial impact noise, while Rice & Martin (1973) consider that the same principle may be applied to the assessment of risk to the hearing for high level transient noises, of which gunfire is an obvious example. Thus there is a unifying principle which may be used in the assessment of most forms of noise, both in military and industrial practice.
The concept of energy is embodied in the measure known as equivalent continuous sound level (Leq). Leq is the level which, if maintained for a given time (e.g. 8 hours), would correspond to the same energy conveyed by a fluctuating or interrupted sound maintained for this, or some other, duration. Thus, A-weighted sound energy received during exposure to noise may be deduced from the product of the sound intensity and the duration of exposure. In practice, since sound intensity is transformed into logarithmic terms and is expressed as sound level in dB, the noise dose is expressed as the sum of the sound level and the logarithm of the duration. This noise dose is now known as noise immission level (Burns & Robinson 1970) , and it is expressed by the British Standards Institution (1976) in British Standard 5330 as follows:
Leq is the equivalent continuous sound level in dB(A) T is the duration of the exposure in calendar years To is one calendar year The relation between noise immission level and predicted noise-induced hearing loss as a statistical distribution in exposed populations of various ages, is described in detail by Robinson & Shipton (1977) . A condensed, practical, predictive method is contained in British Standard 5330 (1976) for a population devoid of auditory pathology.
The above is an outline of the basis on which the possible hazard to the hearing from noise may be estimated, both in a general and in a particular sense. This is the scientific basis on which action can be taken, but it is also pertinent to consider other factors, other influences, which have moulded the policy and practice of hearing conservation in the RAF. These influences may be described as those which result from research, informed opinion, and the state of the law. This is not of necessity their order of importance, but in general the results of research reach an informed section of the public, public opinion is changed and ultimately new laws in the public interest are formulated. The role of research will be self-evident throughout this paper and needs no further comment.
External influences
Since the end of World War II there has been a growing interest in noise, its control, and the protection of persons against it. There had been earlier interest in noise, but somehow the time was not right for the subject to receive much publicity.
As far as aviation is concerned, the change from piston-engined to jet-engined aircraft signalled a surge of activity in work on noise, and within the RAF Dickson, Chadwick, Hinchcliffe and others worked on the problem of protecting the ground crews. In 1953 Dickson proposed a danger level of 90 dB for continuous noise. That year could be regarded as a watershed, the turning point in appreciation of potential hazard to hearing; but how slow was progress in the ensuing years.
In 1953 for the first time a question was asked in the House of Commons as to whether the Government was taking steps to protect the hearing of men employed in certain industrial operations (Hansard 1953) . In 1956, the United States Air Force published an order on hearing conservation which was ultimately to have an influence within the air forces of the Western powers. The Industrial Welfare Society carried out a survey of noise in industry in 1961, in an attempt to provide a picture of the problem of industrial noise as a whole. Of the Society's 700 member firms, only 8/:' replied, constituting some II:' of the country's labour force -perhaps an indication of industry's attitude at that time.
In 1963, the Wilson Committee on the Problem of Noise published its report and recommended that the then Ministry of Labour should (I) disseminate existing knowledge of the hazard of noise to hearing as widely as possible; (2) impress on industry the need to take action to reduce the hazard; and (3) advise industry on practical matters to this end.
In 1970, Burns & Robinson presented their report to the Secretary of State for Social Services on their investigation into hearing loss in industry. Stemming from this work was the concept of the 'equal energy principle', which has been described. The Department of Employment published its 'Code of Practice' in 1972, and this is the major British document relating to noise exposure. It does not have the status of law, but it is widely quoted, and is important in that it specifies working conditions designed to reduce hazard to hearing, and HM Factory Inspectorate employs its recommendations. Documents were also published by the British Occupational Hygiene Society (1971) and the International Organization for Standardization (1971), and these were followed by the British Standard, BS 5330 (1976) . Finally, in 1973, the Industrial Injuries Advisory Council of the DHSS published its report, with the recommendation that occupational deafness should be prescribed under the Industrial Injuries Act. Its application was limited in that this type of deafness can only be prescribed for those employed using pneumatic tools or power hammers in the metal manufacturing and shipbuilding and repairing industries. It is to be hoped that the scope of this prescription will be widened in the future to include aircraft building and repair.
The state of the law has been described with authority and at length by Hinchcliffe & Hinchcliffe (I 974a,b) . In this country, both the generation and the effects of noise are controlled by common law and statute, though in the subject under discussion we are concerned only with statute law. The Noise Abatement Act 1960 provided that noise or vibration which is a nuisance should be a statutory nuisance, for the purpose of the Public Health Act 1932, which provided for certain nuisances to be dealt with on a summary basis. While the RAF are exempt from the provisions of this Act it may be said to signal the beginning of legal change. It is of interest that in British law noise is regarded as a nuisance, whereas in America it is considered a public health hazard. So far as aviation is concerned, the Civil Aviation Act 1961 provides for the regulation or prohibition of aircraft flights over the UK at speeds in excess of Mach 1 -but this refers to civil flights and the RAF are exempt.
Legislation to protect the individual at work has developed slowly. While the Factories Act originated in 1901,a relatively recent revision in 1961 imposes on employers a duty to provide a safe place of work, so far as is reasonably practical. From the standpoint of the employee, this Wording is unsatisfactory. The Robens Report (1972) was followed by the Health and Safety at Work Act 1974. This embraces some 31 Acts and 500 related regulations in an attempt to clarify the responsibility of both employers and employees. It is of interest that while the Crown is exempt, Crown servants are not. It is likely that exemption will be granted to the Services where men are employed in a pure defence role; but the tradesman working in a Workshop and those controlling him would be covered by the Act. Perhaps the most useful feature of this Act is that responsibility for safety at work is shared both by the employer and the employee. It would seem, for example, that if ear protection is provided by the employer, the employee has a duty to wear it. Lastly, in 1975 the recommendations regarding compensatable industrial deafness were included in the Industrial Injuries provision of the Social Security Act. There are glaring inequalities in the provisions for payment of compensation, both in the selection of eligible trades and in the duration of deafness, to mention but two examples. Since prescription, 8473 claims for industrially-induced sensorineural deafness have been made; 4728 claimants were sent for otological examination, of which 2538 were awarded disablement benefit (Dr JAG Carmichael, DHSS, personal communication). The ex-Serviceman is entitled to claim a pension or disability payment for deafness which is attributable to or aggravated by service.
For lesions suffered since the outbreak of hostilities in 1939 the DHSS is now the responsible body, both for the assessment of the handicap and the payment of disability monies. In the RAF, we have long been aware of our responsibilities in this direction, and the need to reduce as much as possible the number of those claiming these pensions.
RAF hearing conservation programme
Any developments within a military organization will be governed by internal needs and external influences, and in hearing conservation the RAF has both led and followed. In my description of our hearing conservation programme it will be seen that we have observed the principles common to such an undertaking, but we have developed within our own framework and according to our resources. I have discussed the principles and practice of noise measurement, and the all important assessment of the hazard to hearing. We should consider now the management of those at risk, which include both aircrew and ground personnel, and the principal features are audiometric monitoring, reduction of noise at source, and protection of the hearing.
Audiometric monitoring
Each unit has an officer designated as the Hearing Conservation Officer, who is generally, but not necessarily, in the Engineer Branch. His job is to identify those individuals, whatever their branch or trade, who are at risk in hazardous areas or operations. He has freedom to consult the medical officer in doubtful instances, who in turn may enlist further specialist advice. In general, the sort of working areas in which he will be interested include (I) the vicinity of aircraft, including any ground engine running; (2) servicing bays employing power units, particularly where these are used in enclosed spaces, e.g. within the aircraft wing or fuselage;
(3) many conventional industrial processes, e.g. blacksmithing, metal forging, carpentry; (4) the use of arms and explosives; (5) engine rooms of marine craft; (6) the operation of snow and ice clearing equipments, which are fitted with jet engines, and used to de-ice runways. This list is not exhaustive, and is intended only to give an idea of the range of activity which may be hazardous.
Those ground officers and men who are regularly exposed to noise, i.e. for a total of 30 minutes or more each 8-hour working day, are listed as Group A personnel and are the subject of routine audiometric surveillance. The group includes all RAF Regiment personnel, and those employed on ranges. The remainder are classified as Group B.
For convenience and to save costs we have developed a small battery-powered screening audiometer, which tests the response of each ear to selected frequencies over a limited range of intensity. The equipment is cheap, robust and virtually foolproof, and the test can be carried out by any medical personnel with the subject either in a quiet room or using a Hadley telephone headcover in the medical centre on each station. Because of the pattern ofNIHL, the screening audiometer is designed to generate signals of different intensity at 1,2 and 4 kHz, and if the hearing level in each ear is at or better than 20 dB at 1 kHz, 20 dB at 2 kHz and 30 dB at 4 kHz, the subject is considered to have passed the auditory surveillance check. If a hearing level worse than this criterion is obtained, the subject is referred first to the medical officer for an aural check. Ifno lesion is found and the audiometric pattern remains, the subject is referred for otological advice at one of our hospitals, when his disposal will rest on the clinical findings and the judgment of the otologist. Screening audiometry is repeated annually until the individual moves out of a noise-hazardous job or leaves the Service. For those referred to hospital, a return to working in noise may be contingent on more frequent audiometric checks.
For the individual, selection into Group A or Group B is determined on entry to trade training, and thereafter on every occasion on which he moves to a fresh station. Audiometric records are kept in the individual's personal medical record, and in a central records bank. Routine audiometry has many uses, which are generally recognized; these include the provision of a base-line audiogram against which further assessments can be made; the opportunity to check those with sensorineural loss from causes other than noise; and it also provides the occasion for some quiet but effective propaganda.
Screening audiometry will also pick out other forms of deafness; some of these, conductive in nature, may be amenable to treatment. Conductive deafness is generally believed to offer a measure of inbuilt protection against occupational noise; the impedance nature of its mechanism ensures this up to a point, but one must also consider the ill-effects of bone conducted sound. I have seen several cases of cochlear failure after stapedectomy occurring because of exposure of the unprotected ear to sudden high intensity noise. The vulnerability of the inner ear in these cases has been noted by others (Kos 1962 , Sagardie 1963 , Bull 1966 . In my view, the operation of stapedectomy for otosclerosis in those routinely exposed to high noise levels needs careful consideration and explanation before surgery, and careful management thereafter.
In those who are susceptible to noise, hearing loss will start in the early years (or even months) of exposure, and if the shift in threshold is sufficiently severe, it may warrant removal from a noise-hazardous environment. Generally, the question of ultimate removal from noise comes late in a man's career, if it comes at all, and may prove to be a difficult decision to makeand for the man to accept. A few are fortunate and can be retained in a supervisory or teaching capacity, but for most it means the loss of status as a tradesman, with diminished prospects, and sometimes invaliding; to the Service it means the premature loss of skill and experience. For the worst case, when hearing loss has progressed to become a disability, the audiogram will help provide the basis on which a disability payment or pension may be assessed.
The RAF started its hearing conservation programme related to ground personnel early in 1970, and after it had been running for some eighteen months a survey was made of its effectiveness (Burns et al. 1972) . As expected, those men in aircraft engineering, general engineering, and the RAF Regiment were most at risk. It highlighted one or two jobs with great potential for producing NIHL, the chief being the crewing of jet-engined runway de-icers in which the driver sits between two running jet engines which are mounted over a steerable chassis -the heat and flame from the efflux being deflected onto the concrete runway. We found also that young pilots off flying duty were being employed, unprotected, to do this work -a practice which ceased very quickly! In order to keep a running check on the efficiency of the system, details of those screened annually are collected by the Principal Medical Officer of each Command. Data for the years 1970-76 inclusive are shown in Table 2 . Those trades considered to be at risk employ 32250 people and, with annual fluctuations, those regularly at risk from noise number between 12000 and 13500. For the three years 1972-74, the number of those screened who were referred to an otologist remained at approximately 5% of the group, but thereafter there was a marked improvement to 2.36%. Of those seen by the otologist, the annual total of those found no longer fit to work in noise has varied from 32 to 11, representing a rate of between 5 and 2/1000 of those screened. Investigations in the USA have also shown that the number of people removed from noise because of significant threshold shift is small (Sutherland & Gasaway 1976) . It may be that the number of those who came into the scheme with a fair degree of deafness at the outset have been weeded out by now. We may be looking at an annual yield of aurally disabled in the region of 2/1000 screened, but if, over the next few years, there is a further maintained improvement, this would indicate a continuing and greater degree of SUccess in the whole programme. It is certain that the auditory screen has caused an increased awareness of the problem ofNIHL, and the interplay of cause and effect is recognized by those at risk.
Reduction ofnoise
Reduction of noise to relatively safe levels may be achieved by several methods, either singly or sometimes in combination, and will depend on the mode of production. As far as aircraft engines are concerned, reduction of noise at source is possible by a variety of current techniques. For test running, the ideal solution is enclosure of the noise source, and this can be accomplished by encapsulating the whole aircraft in a sound-damped building -the 'hushhouse'. For the jet engine, the efflux is fed into a Cullum muffler. The crew of servicing engineers control the operation of the engine and observe the engine's responses from a soundproofed enclosure, which is an integral part of the complete construction. This type of noise control is beneficial in two ways: the servicing crew are completely protected, and the radiation of noise to the neighbourhood is reduced to levels which do not engender complaint. Initially costly, each 'hush-house' is a worthwhile investment, but the installation must depend on maintaining the operation of the aircraft type (for which the house was constructed) from the same airfield. Thus purely military considerations relating to the operational use of aircraft must be weighed before these are installed. This type of enclosure is a direct descendant of the muffling pens which were introduced some twenty years ago.
For ground engineers there are hazardous situations involving the use of pneumatic hammers, power tools, etc., which may be impossible to enclose except with the operator, and the policy here is to have sound-damped working bays to contain and reduce the noise to an acceptable level for the protected worker.
Protection ofhearing
The noise falling on the ear may be reduced by ear protection. Glass-wool down provides moderate attenuation and is available on ranges for those with no plugs, for the use of the casual visitor to noisy sites, and in some troop-carrying aircraft. Despite foreboding regarding the irritant effect of this material in the ear canal, we have not experienced problems from its use. Officers and men are issued with personal ear plugs, which are fitted individually. The plug is manufactured commercially and is of the classical V-5l-R design (National Scientific Research Committee 1945) . The attenuation of plugs of this sort is of the range 18-25 dB, being poorest at 64 Hz and best, most appropriately, at 4 kHz, but with inevitable variability between individuals in practice. There are occasional cases, when plugs are worn, in which the meatal skin shows a sensitivity reaction, but this is probably due to contamination by grease from handling, and can be avoided if the plugs are washed regularly. When otitis extern a or active otitis media is present, the use of plugs or other forms of ear defender may be contraindicated, but this will depend on the severity of the lesion and the nature of the task.
Of all ear defenders we use, those incorporating a fluid-seal muff offer the greatest protection. The basic pattern is a pair of cups which fit over the ears. To the rim of the cup is attached the fluid seal of plastic or rubber (Shaw & Thiessen 1958) . The inside of the cup is fitted with sponge rubber to absorb sound further, and some designs are fitted with telephone receivers. For ground crew the cups are fitted to a tensile head band, or secured inside a cotton helmet. The protection offered by this device is of the order of 17-28 dB at 63 and 125 Hz, rising to 40 dB or more at 2 and 4 kHz. It was thought that the wearing of this ear muff in the tropics might predispose to skin and aural infections, but it has been shown that routine weekly washing of the seals in carbolic soap solution obviates this.
The fluid-seal muff is incorporated also in the flying helmet of aircrew. Flying helmets for aircrew were originally of canvas or leather, and were primarily for protection against cold and weather. Attempts to improve communication led to the Gosport tube being fitted to the helmet -so that the pilot could communicate with the observer (and vice versa) -and later designs incorporated larger and better padded buns to protect the ears from noise. These buns were originally modest in size, but in the last version of helmet before the introduction of the fluid seal, they had reached a size sufficient to cover the temporal bone and much of the sternomastoid. The modern helmet fulfils many functions: it provides crash protection for the head, and acts as a carrier for an antiglare visor, oxygen mask and microphone. It also provides a signal reception system. By virtue of its bulk and structure, the inner layer of padded quilting and the fluid seal, it gives good protection to the hearing, both against airborne and bone conducted sound. The attenuation of such a helmet is an average of 41 dB (Wheeler 1965) .
Crews of fighter, bomber, reconnaissance and multi-role aircraft all wear this type of flying helmet, as do helicopter crews. For crews of transport aircraft, as in the civil situation, adequate protection of the hearing and a communication facility can be provided by a fluidseal ear muff with telephones, and a boom microphone. Additional, if fortuitous, protection is provided in many aircraft by the seal of the pressure cabin as well as inbuilt insulation.
The site of the engines, and hence their effect on the crew, will vary between types of aircraft. Thus, reciprocating engines or turbo-prop engines tend to be sited relatively close to the crew compartment, while jet engines are sited so that the efflux is behind the wing or tail-unit and the crew are placed well forward of the noise. In the vertical or short take off and landing aircraft such as the Harrier, the pilot is close to the engines and is getting maximum noise levels during lift off before forward movement is started. Helicopter crew are situated in a cabin under the main engine, which accounts for much of the noise and communications problem presenting in these aircraft. Finally, the crew will be exposed to other contributory sources of noise within the cabin, e.g. pressure regulating mechanism, heating systems, audio warning signals, and communication noise. All these can and do add to the total noise dose sustained in flight.
Noise and the hearing of aircrew Noise may affect the efficiency of working aircrew in several ways, either singly or in combination, (I) by contributing to fatigue and stress; (2) by directly interfering with communication, the ambient noise at the ear masking the input of auditory signals; (3) by causing temporary, persistent or permanent threshold shift, thus reducing the ability to hear and to discriminate speech signals.
The role of noise in relation to fatigue and stress was recognized by Richardson in 1935 and by others (Whittingham 1939 , McFarland 1941 in the same period. The reduction of noise at source -the engine(s) -is an engineering problem, but as far as military aircraft are concerned, where motive power and speed are paramount, any modification which reduces these elements either directly or by increasing the all-up weight of the aircraft, will not be acceptable. While efforts are being made continuously to reduce the cabin-based ambient noise (and many of these improvements have been made by small modification), there is still much to do in the design field. Even when the ambient noise in the cabin is believed safe, with the crew protected, the noise level at the ear of the airman can be dangerously high in terms of possible hearing loss in the long term, and can interfere with the reception of radio signals.
The masking effect of noise on communication in the air has been known from the earliest days, when communication initially was by hand signals and shouting -which did little to improve the potential of the crew and the aircraft as a fighting machine. The flying crew need to communicate with the ground controller; the runway controller or advanced ground controller; other crews in other aircraft; and crew to crew in the same aircraft. With 'mush', static, crackle and the gain set probably higher than necessary, a variety of factors add to the noise dose sustained which, taken with the noise dose from the ambient noise in the cabin, may reach potentially hazardous levels. Glen (1975) has shown by measurement that communications signals at the ear are a major Contributor to the noise levels. At the Royal Aircraft Establishment, work has also been carried out to assess the noise levels at the ear, under the helmet, in an attempt to assess first, the effectiveness of the aural protection in the helmet, and secondly, the amount of noise falling on the ear via the communication channel (Rood & Bains 1976) . It was considered that noise dose measurements would be more helpful in assessing any hazard. The measurements were made using a Bruel and Kjaer noise dosemeter, type 4424. A miniature Knowles electret microphone type BP 1759 was fixed inside the right ear muff of the subject'S helmet, and then connected to the dosemeter through a signal conditioning unit. The dosemeter gives an indirect reading of the level as a percentage based on an arbitrary daily dose of90 dB(A) for 8 hours, so the meter reading had to be related to the time of exposure and the 90 dB(A) reference level to give the average level experienced on the sortie. Both ISO and BSI standards are based on continuous exposure to noise for an 8-hour day, 5 days a week -or 40 hours per week. In the case of aircrew, their flying hours per week can be related to the 40-hour week standard. The week's flying task was applied to the average noise level at the ear to determine the appropriate Leq.
Measurements were taken for aircrew in 30 different types of aircraft, and some 100 samples were obtained. A comparison of the mean Leq levels in samples of aircrew in some II aircraft, showed that crewmen flying in the Wessex helicopter are at most risk. While assumptions of aircrew exposure patterns inevitably are uncertain, it would seem that the percentage of those likely to have a significant hearing loss might rise steeply after 25 years of unbroken flying experience. While there is no ground for complacency, in the nature of an RAF career, men are unlikely to spend so long engaged on flying duties. However, the mean Leq figures do indicate the relatively high dose to which the ears of aircrew are subjected. Apart from all other measures, this will be reduced by improving the quality of the communications systems.
Using the same technique, similar measurements were made on the aircrew of the VC-IO transport aircraft, flying typical sorties (Table 3 ). The cockpit noise was measured using an exposed microphone, and the mean level assessed from measurements made over five sorties. It will be seen that the co-pilots' noise doses were being increased by 12 dB by the quantity and level of communication signals and telephone noise at the ear. Interestingly, the figures also reflect the communications load of individual crew members, e.g. none for cabin staff, intercommunication only for flight engineers, with the greatest load being taken by the copilots. 
Conclusion
The ethics of providing the fullest possible hearing conservation system, and its practical value, cannot be doubted, but it is worth relating what is gained. The advantages are: (1) the conservation of manpower;
(2) the best deployment of those employed; (3) increased efficiency; (4) improved flight and ground safety; (5) the screening out of other forms of deafness, with attendant advantage to the individual and the organization; (6) reduction of disability and possible handicap to those who are noise susceptible; (7) reduction in compensation payments and pension payload; and (8) provision of information on NIHL, and an ongoing check on the efficacy of the methods employed.
